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This invention relates to an improved pr0cess 
for producing low boiling hydrocarbons from 
heavy stocks containing residual constituents. 
It bas been known fo up-grade crude oils and 
other heavy Stocks by destructive hydrogenation 
prior to a cracking treatment. Thè destructive 
hydrogenation treatment operates in part to up- 
grade the heavy portions Of the chafge, thus pro- 
ducing a cleaner charging stock. The pretreated 
clean cracking stocks are much more desirable 
in that they tead fo production of substantially 
lower amounts of heavy b0ttoms in the cracking 
rëCiÙn. T1e prëlimifiary hydrogen treatmen.t 
is of additi0n-al advanta$e in tlit it effects a sub- 
stanial 10wèring of the Sifu COntent óf the 
Virgin stocIïs. Su]fur is undësiràbiè in the final 
podut, Since if lèds fo cor0Si0n 0f equipment, 
c0rr0ion Of burnerS 0 èfigines iïï which if is used, 
and objèctioïiable 0do2 charCteristis. 
Prior inveStigàtioiiS deàling With the ïp-grad- 
ing of residual stocks by destructive hydrogena- 
tion, Iiowèvêr, bave beeii limited fo a spècies of 
degtuctive hdrogénation known as catalytic 
hydr0desulfuriZation. An example of up-grading 
carriëd out in this manner afld thon foltOwed by 
Cádking is foùnd in U. S. 1,917,324 t0 Mathias 
Pier et al. 
Thë Catalytic type of hydr0desu]furization is 
characterized, arnong öthër things, by the use of a 
relative!y sulfur rèsistant Or Sulfur immuno 
drogenation atàlyst such s su]rides of iron, 
nickel, obalt, oxides and su]rideS of tungsten and 
molybdenum, molybdates or thi0m01ybdates and 
tungstates or thiotUngstates of cobait and nickel. 
Thesè catálysts cCse the sulur in thë charge 
stock fo be converted to hydrogen su]ride. The 
gaSeous hydrogen su]ride is continuously removed 
fr6m .the effuen 6r conversion pr0duct, for ex- 
ample, by àbsorption into a basic amine solution. 
Te up-gradëd cracking Stock produced in the 
flrst stage Of the process dèscribed above unfor- 
tunätely Still pr0duceS á Substántial amount of 
coke Or carbon on the cracking Catalyst. Coke 
layc.own, as this phenomenon is termed, deac- 
tivatës the Cracking Catalyst and necessitates 
regeneration thère0f. Furthermore, the coke on 
the catatyst represents a loss in valuable hydro- 
arbons. Regeneration is normally cárried out 
by burng off thë carbon.. 
Heavy coke laydown s Undesirable bëcus i. t 
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necessitates more frequent and/0r more Vigorous 
regeneration of the catalyst Which in turn leads 
fo more rapid aging of the catalyst particles. 
tIigh coke laydown may still further compticate 
 the cracking pr0cedure in that the regeneration 
system may not bave sufficient capacity to remove 
all the coke formed at a giron charge rate. In 
other words, regenerating systems are limited 
in the amount of coke which they are cCabÂe of 
10 burning off in a given rime. When the carbon 
formed on the catalyst exceeds the limit of the 
regeneration system, the charge rate must be re- 
duced until the coke laydown is reduced to at 
least the maximum capacity of the regenerator. 
15 Reduction of the charge rate is of course reflected 
in lower output of refined products and is there- 
fore very costly. In addition fo the above, re- 
generation of deactivated catalyst is a necessary 
and very expensive procedure, particu]arly with 
0 respect to apparatus cost. Therefore, any re- 
duction in regeneration costs, such as produced 
by decreasing the carbon on the cata]yst, is ex- 
tremely desirable. 
One major object of the invention is fo provide 
5 an improved combination process comprising an 
up-grading stop and a cracking stop whereby a 
hydrocarbon material which contains residual 
components is converted fo gasoline in high yields 
with low formation of coke. If is a further 
30 ject fo provide a combination process in which 
the cot of regeneration is reduced. Other ob- 
jcts wfll appear hereinafter. 
These and other objects are acomplished by my 
invention which comprises a process for treating 
5 heavy hydrocarbon oils containing residual con- 
stituents. The process includes the step of tréat- 
ing the charge with a material selected from the 
group consisting of iron, cobalt, nickel, their 
oxides and combinati0ns therëof. Su]fur in the 
40 charge is chemically abs0rbed ori or combined 
with the metalliferous material described above. 
The treatment described is Carried Out at elevated 
temperature and pressure in the prèsence of 
drogen. The treatment is terminated belote sub- 
45 stntial amounts of hydrogen su]ride occur in 
the efllueut. The hydrodesu]furized product is 
topped to remove at least gasoline, and all or any 
part of the remaining hydrodesulfurized materia! 
heavier than gasoline is cracked to a depth of 
conversion above about 30 weight per cent. This 



600931 

3 
is because the gasoline is the product of primary 
interest. However, in many cases it may also be 
desirable to remove materials boiling higher than 
gasoline, such as furnace off, with the remainder 
or a suitable eut thereof being sent to the crack- 
ing step. 
In the following description certain preferred 
modifications of the invention have been de- 
scribed. If is understood that these are by way 
of illustration only and are hot fo be considered 
as limiting. 
leferring briefiy fo the attached drawings, Fig- 
ure 1 presents a diagrammatic arrangement of a 
suitable apparatus for carrying out my two-stage 
process. Figure 2 is a graphic plot of depth of 
conversion against coke laydown for a cracking 
reaction carried out on charge stocks which have 
been hydrodesulfurized catalytically and by the 
absolption process. 
In the operation of my process I charge a 
residual-oi]-containing charge such as c'ude fo 
an absorption hydrodesulfurizatiol) unit. Ab- 
sorption hydrodesulfurization may be distin- 
guished from catalytic hydrodesulfurization in 
that the former employs a catalyst which chemi- 
cally reacts with or absorbs sulfur contained in 
the iharge, whel'eas the latter employs a cata- 
]yst which is relatively immune to the action of 
su]fur and which causes conversion of sulfur in 
the charge to hydrogen su]ride. Also the ab- 
sorption process is terminated belote substantioEl 
amounts of hydrogen sulfide occur in the efflu- 
ent, while the catalytic process inherently neces- 
sitates the presence of hydrogen sulfide in the 
effluent throughout the entire operationi 
The charge is treated with a suitable sulfur ab- 
sorbing contact, e. g., nickel, nickel oxide, or par- 
tially reduced nickel oxide, ai elevated tempera- 
ture and pressure in the presence of hydrogen. 
During the treating process the sulfur in the 
charge stock reacts with the sulfur absorbent 
such as nickel or nickel oxide, to form solid 
nickel sulfide. Hydrogen replaces the sulfur in 
the hydrocarbon radical thus produced. The 
sulfur atoms which are replaced by hydrogen may 
exist in various places in the hydrocarbon mo]e- 
cule. Where the sulfur atom acts as a lirdç be- 
tween two hydrocarbon radicals, replacement of 
the sulfur atom with hydrogen may prevent re- 
combination of the molecular fragments, thus 
producing a desirable shift in API gravity and 
boiling point. Also a certain amountof ordinary 
cracking or splitting of high mo]ecular weight 
molecules occurs, whereby lighter materials are 
produced. The cracking which takes place may 
be thermal, catalytic or some of both. How- 
ever it should be observed that the cracking 
which occurs in the process does so with a mini- 
mure formation of condensed rings and high mo- 
lecular weight materials (coke or heavy bottoms) 
which usua]ly accompany ordinary cracking. An- 
other reaction which takes place to a certain 
extent during the contact period is the saturation 
of unsaturated linkages in the original or cracked 
hydrocarbon molecules. 
As more charge stock is passed through the 
catalyst bed, the catalyst partic]es absorb more 
and more sulfur. When most of the nickel or 
nickel ixide has been converted to nickel sulfide, 
substantial amounts of hydrogen sulfide will 
gin to appear in the effluent. The processing 
period ris terminated before this point' and the 
charge may be switched to another reactor 
which is ready to go on-stream. The catalyst 
in the first reactor ris regenerated by passing air 
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(dfluted with steam er incrt ça3 as desired)' 
therethrough. When most of the sulfur and 
carbon have been burned off, the contacts are 
ready fer reuse in the processing cycle described 
5 above. 
FoIlowing the absorption hydrodesu!furization 
stage, the hydrodesulfurized crude is topped to 
remove at least gasoline and lighter constituents, 
and in some instances the hydrodesulfurized 
10 crude may be topped fo remove constituents 
somewhat heavier than gasoline, say the lighter 
materials down through furnace off..In either 
event the rema}ning material, heavier than gas- 
oline, or a suitable cut of the remainder, is then 
15 subjected to a catalytic cracking treatment of 
known type. The cracking charge is cracked to 
a depth of conversion above about 30 weight per 
cent. 
The depth of conversion is determined by the 
20 conditions únder which the process is operated. 
The conditions necessary to bring about a de- 
sired degree of conversion of a given charge 
stock are obtained by experience. The per cent 
conversion ai given conditions and ïor a given 
25 charge stock may be predetermined by expert- 
ment. Since per cent conversion refers fo the 
total gasoline, gas, and coke produced in the 
process, the determination of conversion depth 
involves measurement of the amounts of gaso- 
3o line, gas, and coke formed. In laboratory work, 
depth of conversion is usuaIly given as weight 
per cent, while in commercial operations it is 
usualIy given as volume per cent. Since the 
values given in either form are approximately 
25 equal, the per cent conversion as used herein 
and in the claims is meant to include either 
weight or volume per cent. 
leferring now to Figure i in detail, in order 
that my process may be more clearly understood, 
40 fresh charge, for example crude off, is introduced 
into the system through line 24. The charge 
passes from line 24 into heater 26, where it is 
heated to reaction temperature, or possibly some- 
what lower, to allow for the temperature increase 
4 across the contact bed. The preheated charge 
then passes into transfer line 26. 
Fresh hydrogen enters the system through 
ines 2 and 3 and is heated in heater  fo approxi- 
' mately the same temperature as the charge stock. 
50 The preheated hydrogen passes through line 6 
OEo join the preheated charge from line 26. From 
line 6 the mixture of heated hydrogen and charge 
stock passes through line 6, through valve , 
through line 2 into reactor 4. 
,)5 Within the reactor the sulfur in the charge is 
chemically combined with the metalliferous ion 
tact agent. The cracking and hydrogenating re- 
actions described previously also take place. 
Converted product passes out of reactor 4 into 
;;o line 46, through valve 46, into line {} and into 
cooler 62, where the products are partially cooled. 
When reactor 4 is off-stream reactor 2 is on 
a processing cycle. In this instance preheated 
hydrogen and charge stock pass from line 6 
5 through valve , into line 6, through line 6 
and into reaÇtor 2, where the reactions described 
above occur. Converted products pass out of 
reactor 28 through line 4, through valve 6, into 
line 6 and into cooler 2. 
ï0 From cooler 2 the partially cooled hydro- 
desulfurized charge passes through line ]8 into 
separator ]2, where an initial separation takes 
place. Hydrogen dissolved in the produÇt and 
possibly some gaseous hydrocarbons are flashed 
75 off through line  into absorber ]6. Gaseous 
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hydrogen and whatever light hydrocarbons are 
mixed therewith pass out of absorber 76 through 
line 76 into line 60, from whence they are re- 
cycled into the system via line S and heater 4. 
A portion of the gases from line 78 may be bled 
oiit through valve 02, line @@, into line 9, 
through valve 96, into line 98 and Vented, in 
order to prevent the building up of inert mate- 
rials, e. g, methane, in the recycle hydrogen. 
The liqUid product in separator 72 passes 
through line 82 into fractionator 
drocarbon gases pass out of the fractionator 
thròugh line 64 as overhead. From line 9 these 
gases pass through valve 
from which they may be vented. The gasoline 
fraction is removed from fractionator 6 through 
linê @4 ino stabilizer @6. C4 hydrocarbons 
pass out Of the stabilizer as overhead through 
line 1@6 and thence fo storage. Hydrodesulfur- 
ized "straight run" gasoline is removed through 
linë I@ as stabilizer bottoms. The "straight 
run" gasoline referred fo in the accompanying 
description is the gasoline obtained from the hy- 
drodesulfurized product without further crack- 
ing. Whilè itis hot pure]y straight run gasoline 
in the normal sense in view of the pretreating 
step, it is essentially straight run in character, 
being predominantly a saturated type of gaso- 
line. 
Bottoms from fractionator 8 pass through line 
66 to charge drum 2 and thence fo the second 
stage of my process. A portion of these bottoms 
are diverted from line 86 and recycled through 
line 86 through pump 9, into line 92 and into 
.hbsorber 76. 
When the absorption hydrodesulfurization cat- 
alyst contained in reactor  has been substan- 
tially completely sulfided, substantial amounts 
of hydrogen sulfide will appear in the effluent. 
The processing cycle for this reactor is termi- 
nated before this rime by closing valve 8. By 
substantial amounts of hydrogen sulfide is meant 
am0unts of this gas sUfficient fo require removal 
from the product. For example, gasoline may 
contain small amounts of hydrogen sulfide with- 
out detrimental effects. Large amounts of this 
'impurity, however, rentier the gasoline unsatis- 
fáctorF for many purposes and require remova!. 
It is advantage0us t0 conduct a h.vdroen 
purge of the daCtivated catalyst in the off- 
stream react0r prior fo regeneration of the cata- 
lySt, This may be accomplished b.v passinq re- 
cycle afld/or fresh hydrogen through lines  and 
7 to line 9. through válve , throul line . 
thr'ough llne 6, valve $8, line 8. line . nd 
into reactor 4. The purge hydro2"en af .re 
action pressure anal af àbout reacçion tempera- 
ture acts to sweep out the converted product 
remaining in the reactor and also effects a partial 
conversion of the carbonaceous deposit on the 
catalyst, thus increasing the total yield and 
allowing easier regeneration. The purge hydro- 
gén ieaves reactor  through line  through 
valve 6 into ]ine  from which if follows the 
c0urë Of he hydrodesulfurized charge stock. 
While a hydrogen purge is considered desirable, 
it iS bF no means necessary fo the invention, 
sineè the desirable rèsults of iny proces are 
br0ught about with Or without a hydrogen pUrg. 
Af the end of the hydrogen purge Valve 
iS closed and the reactor is depressured through 
line 8, Valve 6 and line 62. 
Af the còmpletion of the hydroen purge a 
steam purge is ConSidered advantageous in order 
to remove whatever traces of hydrogen or re- 
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actants may remain in the reactor. This may 
be accomplished by passing steam through line 
3¢, heater 32, and into line 34. From line 
the steam passes through line 36, valve $3 and 
5 line ,4, through line 12 and into reactor . 
Purge steam leaves the reactor by way of line 
, line 56, valve 66 and into line 62 fo vent. 
Af the completion of the steam purge, air or 
other oxygen-containing gas (which may be 
10 diluted with steam or other inert gas such as 
flue gas) is passed through line 3, through 
heater 2 and into line . From line 3 the 
regenerating gas passes through line 36, valve 
line 0, line 2 and into reactor . The re- 
15 generating gas operates fo burn off the contami- 
nants on the metallierous contact in the 
actor. Flue gas leaves reactor | by way of line 
6, line $, valve 6, and line 62. From line 6 
the flue gas may be vented. Alternatively, the 
20 flue gas may be passed through a scrubber (not 
shown) fo remove sulfur dioxide and recycled 
as a diluent into the regenerating gas entering 
the system_through line S. 
When reactor 2 is off-stream, purge hydrogen 
25 passes from line 6, through line L through valve 
7, through line $, valve 2, lines  and 
and into reactor 26. Purge hydrogen and purged 
product leave reactor 2 through line  and 
valve 6 and pass into line , from which these 
30 materials follow the course described ïor the 
hydrodesulïurized charge stock. Reactor 9 i. 
depressured through line , line 5, valve 8 
and line 62. Purge steam passes ïrom line 3 
through valve 42, through line , throuh line 
35 6 and into reactor 2. Steam and purged prod- 
ucts are vented through line , line 5, through 
valve 66, and into line 62. legenerating gases 
flow from line 3 into reactor 26 following the 
saine course as that described for the puring 
.0 steam. 
The topped hydrodesulfurized crude passes 
ïrom charge drum 2 through line  into 
heater 6, where if is heated fo cracking tem- 
perature. From the heater the preheated crack- 
45 ing stock passes through line 6 into lines 
and 22 and into the catalyst bed in cracMng 
reactor 
Although a Thermofor catalytic cracMng unit 
bas been illustrated in the drawing it will be 
50 understood, of course, that any other conven- 
tional type of catalytic cracking apparatus, em- 
ploying a fiuidized, fixed or moving bed, may be 
employed. 
Active catalyst is continuously supp]ied to 
55 actor 26 from the top of catalyst elevator 
by means o catalyst transfer line 8. Dacti- 
vated cracking cata]yst leaves reactor $ con 
tinuously by way of transfer line ! and 
conveyed from the bottom fo the top of catal/st 
60 elevator 2. From the top oï elevator 3, the 
deactivated catalyst passes fo regenerator 
by way of line I S& An oxygen-containing 
such as air is continuouslv introduced into re- 
generator 36 by means oï lines 9 and  in 
65 ortier to burn off the coke which bas been de- 
posited on the catalyst. Flue gas passes out of 
regenerator 3 through lines  and . Th 
exothermic heat of the regenerating reacion 
removed by circulating cooling fluid such a 
70 water through lines . and . The water 
takes uP the heat of regeneration and leaves the 
regenerator as steam through lines  and . 
Hot regenerated catalyst leaves regenerator 
af ifs lower end and passes through line 38 fo 
75 the lower end of catalyst elevator 2. The hot 
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regenerated catalyst is then again passed from 
the top of catalyst elevator |2ri through line |28 
and into reactor |26. Hydrating steam may be 
supplied te the cracMng reactor |26 through 
line |i8. 
The products of the crackini reaction which 
takes place in reactor |26 pass through line |49 
into fractionator 50. Hydrocarbon gases leave 
the fractionator as overhead through line |52 
and botteras are removed through line |5. In- 
termediate fractions, including gasoline, are 
moved through lines |56, |58 and |60. 
If will be understood, of course, that the at- 
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Run .................................. A B 

Avcrage H: Content, V[ol Percent ..... 
Hydrogen Consumption, SCF/ 
Bbl. Charge ..................... 
Adjusted Yields Volume Percent 
Charge: 
Total C4 .......................... 
Total C .......................... 
Depentanized Total Liquid Pro- 
duct ............................. 

Total ............................ 
Weight Percent Charge: 

85. 6 
340 
2.41 
ee. 07 
92. 89 

97.37 

70. 9 
426 
7. 25 
6. 76 
82. 61 

96.62 

tached drawing is purely schematic, conse- 
quently, all vulves, pumps, recycle drums and 
like details bave net been shown. However, the 
equipment illustrated in the drawing is entirely 
conventional and omitted detafls may be readily 
supplied by prie skilled in the art. 
As mentioned previously, the utilizing of ab- 
sorption hydrodesulfurization prier te cracking 

Dry Gas, C and lighter ........... 
Total C4 .......................... 
15 Total C .......................... 
Depentanized Total Liquid Pro- 
duet ............................. 
Purge Off ......................... 
tt2 in Proeess Water ............... 
Catalyst Carbon .................. 
Sulfur ............................. 
20 Total ............................ 

1.90 4.31 
1.64 4.94 
1.53 4.99 
92.16 83.05 
0.37 0 
0.20 0.06 
0.95 1.67 
1.04 1.08 
99.79 100.1 

has among its unique achievements those most 
important advantages of lower coke laydown on 
the cracking catalyst and improved gasoline 
yield. In order te show these and other advan- 
tageous results more clearly I bave presented be- 
low data comparing the results of absorption 
hydrodesulfurization following by cracking with 
results obtained by catalytic hydrodesulfuriza- 
tion followed by cracking. Table I presents the 
laboratory inspections on the charge. The leït- 
hand column gives information on the charge 
which was hydrodesulfurized by the absorption 
method in run A. The right-hand column de- 
scribes the charge used in run B, a catalytic 
hydrodesulfurization. 

T2B LE I 
Rtm ................................... A B 

Charge ................................ 
Laboratory Inspections Charge: 
Gravity, °API .................... 
Celer, NPA ....................... 
Sulfur, B, Percent ................. 
Carbon Residue on Btms. Above 
590 ° F. V.T., Percent ......... 
Distillation, Gas Cil A. S. T. M., 
D 158-41: 
Over Point, °F_ ................... 
Per Cent at 392  F ................. 
500 ............................ 
590 ........................... 

Whole, 
Desaltcd 
34. 4 
dk. dil. 
1.51 

5. 01 

140 
29 
41 
53 

West Texas 
Crude 
34. 5 
dk. diL 
1.51 
5. 52 

134 
30 
43 
55 

Table III presents the laboratory inspections 
on the total products from the two types of 
25 drodesulfurization. 

TABLE III 

30 Run ................................... 

35 

4O 

45 

50 

Table II illustrates processing cond_itions, cat- 
alysts, and adjusted yields for the two types of 55 
hydrodesulfurization. Run A dea!s with absorp- 
tion hydrodesulfurization and run B deals with 
cata]yti hydrodesulfurization. 

6O 

840 
850 
510 
3.0 
2.0 
2. 025 
1.01 
9, 724 

(1:1) as 
NiO WOa 
on a sup- 
port. 
843 
50 
4.0 
1.4 
2. 134 

7, 210 

TABLE II 
Rai1 .................................. 

A B 
Whole, De- West Texas 
salted. Crude. 
20% Ni (as 12% Ni-W 65 
NiO) on a 
support. 
70 
1. 067 
75 

Charge ................................ 
Catalyst .............................. 

Processing Conditions: 
Reaetor Inlct Temperature, °F 
Reaetor Ourlet Temperature .F__ 
Average Reactor Pressure, p.s.l.g._ 
Process Pcriod Length, hr ......... 
(las Purge Period Length, Hr ..... 
Charge Rate, Bbl./tr ............. 
Liquid ourly Space Velocity, 
Vol. Oil/tr./Vol. Car ............ 
Gas te Reactors, Rate, SCF/BbL 
Charge .......................... 

Charge ................................ 
Catalyst .............................. 

Total Product: 
Gravity, API ..................... 
Celer, NPA ....................... 
Sulfur, B, Percent ................. 
Carbon Residue on Btms. Above 
590 °.F. V.T., Percent ........... 
Distillation, Gas Cil ASTV[ D158-41: 
Over Point, °F .................... 
Percent at 392 ° F ................. 
500 ............................ 
590 ............................ 

A B 
Whole, De- West Tcxas 
salted. Crudc. 
20%ioNiN ) (as 12% Ni-W 
Olla (1:1) (aS 
support NiO WOD 
on a sup- 
port. 
39.1 43. 
7.25 4.75 
0.45 0.18 
0.8S 0.35 
140 105 
35. 42 
48 62 
62 76 

Regarding the significance of Tables I, II and 
III, both runs A and B were carried out on a whole 
desalted West Texas crude of substantially iden- 
tical properties and under substantiaHy the saine 
conditions. The absorption hydrodesulfuriza- 
tion (run A) employed a nickel oxide catalyst, 
while the cata]ytic hydrodesulfurization (run B) 
utilized a nickel tungstate, sulfur-immune cata- 
lyst. The catalyst in each run was supported on 
a commercial carrier. If should be noted that 
the catalyst carbon in the absorption proces s was 
0.95 per cent by weight of charge, whereas in the 
catalytic process it was 1.67 per cent by weight 
of charge. 
Table IV presents conversion data obtained by 
cracking the hydrodesulfurized crude obtained 
frein test runs A and B illustrated in Tables I, II 
and III. 
The hydrodesulfurizéd crudes in each case were 
topped te remove gasoline and lighter prier te the 
cracking treatment. Eight runs on the topped 
crudes were made, three on the toPped cata- 
lytically hydrodesulfurized crude and fiv on the 
absorption hydrodesulfurized crude. The runs 
were ruade at comparative space velocities for 
each charge, with other con62tions being sub- 
stantially identical. 
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TABLE IV 
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Coversio« index Sests o« topped hydrodesul- 
furized West Texas crude 

West Texas Crude i RCuIaI 
ttydrodesulfudzed over i No. 

i-W-on-support (from Test 
Run B) .................. 
Il-O-on-support (from Test 
Run A) 

{ 1 
2 
3 
8 

Temo., 

851 
854 
854 
849 
852 
850 
856 
857 

LHSV 

2 
1 
0.5 
2 
1 
2 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

Gaso- 
line 

19.7 
22. 3 
22. 9 
23. 8 
25. 1 
23.4 
25. 3 
25. 1 

Percen! 
Gas÷ 
Coke 

8.2 
11.8 
18. 5 
9.2 
14. 3 
10.0 
19. 5 
18. 7 

Percent 
Coke 

3.2 
4.2 
6.0 
3.9 
4.6 
4.0 
5.8 
5.6 

Weight 
Percent 
Conver- 
sion 

27. 9 
34. 1 
41.4 
33. 0 
39. 4 
33.4 
41. 8 
43.8 

I0 

 Topped after hydrodesulfurization to remove 400 ° F. EP gasoline before cracki.. 

Figm, e 2 is a semilogarithmic graph plotting 
the results shown in Table IV and, more specifi- 
cally, plotting the weight per cent conversion for 
each type of charge against the weight per cent 
of coke. It will be seen that above about 30 
weight per cent conversion (30 weight per cent 
gasoline, gas and coke) the carbon laydown is 
less for the cracking stock which bas been hydro 
desulfurized by the absorption method (curve A) 
than for the catalytically hydrodesulïurized 
cracking stock (curve C). This effect is totally 
unpredictable us will be seen from reference to 
Table III. This table shows that the carbon 
residue on bottoms was 0.88 per cent for the ab- 
sorption hydrodesulfurized product as compared 
to 0.35 per cent for catalytically hydrodesnl- 
furized product, or more than twice as great. 
In order to bring out the ftùl import of the dif- 
ference in coke laydown produced by the two 
types of cracking stocks it should be pointed out 
that at 40 per cent conversion, for example, the 
difference in coke deposited is about 0.7 per cent. 
When charging 20,000 barrels of crcking stock 
per day (appr0ximately 300 pounds per bbl. or 
6,000,000 pounds--charged) this difference is equal 

reduced hydrodesulfurized West Texas crude ob- 
tained by the absorption hydrodesulfurization 
20 
method. The information under runs 3 and 4 
represents the results obtained from fluid cata- 
lytic cracking of reduced catalytically hydrode- 
sulfurized West Texas crude. The charge in runs 
1 and 2 was obtained by topping the'product ob- 
tained from run A (Tables II ,and III) to remove 
constituents boiling below about 625 ° F. The 
charge stock of runs 3 and 4 was obtained by re- 
moving the front ends of the product from run 
B (Tables II and III) to the same point. The 
0 cracking charge employed in runs 1-4 therefore 
was the remaining bottoms boiling above about 
625 ° F. 
Table V describes the characteristics of the two 
pretreated chargea. The distillation data in this 
35 table indicates that the absorption hydrodesul- 
furized chïrge contained the heïvier or higher 
boiling constituents. This is of interest, since 
despite this fact, the cracking stock from the 
treated charge produced a higher percentage of 
40 gasoline and laid down much less coke. This is 
additionally unexpected in view of the higher 
carbon residue on the cracking charge obtained 
by absorption hydrodesulfurization. 

TABLE V 

Run Number 

Charge Stock 

Gravity, API ........................ 
Aniline Point, F: .................... 
Carbon Residue, Weight percent ..... 
Sulfur, Weight percent ............... 
Distillation, °F. (Vacuum Corrected 
to 760 mm): 
Initi31 Boiling Point ................. 
10% .............................. 
30% .............................. 
50% .............................. 
90% .............................. 
95% ............................ L _ 

'Reduced Hydrode- 
sulfurized West 
Texas Crude (pro- 
duced over NiO 
citalyst) 
(') 
0) 
1.03 
0) 
(9 

23. 8 
lï 11 
¢40 
681  
788 
81 
937 
999 

3 4 

Reduced Hydrodesul- 
furized West Texas 
Crudo produced 
over Nickel-Tung. 
state catalyst 

22. 4 
16Ô 7 
01  
34O 
69O 
723 
761 
823 
847 

() 
() 

 Sarne as for run 1. 
 Sarae as for mn 3. 

fo about 0.007×6,000,000 pounds or 21 tons less Table VI presents data on catalyst, operating 
coke to be burned off daily, conditions and estimated commercial operating 
Several fluid cracking runs were also ruade on 70 conditions, l'om this table it wi11 be seen that 
topped crudes which had been hydrodcsul.furized " run 1 is comparable with run 3, since both were 
by the catalytic and absorption method:s. Tables ruade ai a conversion depth of about 58 weight 
V, VI and VIl present the results in these runs. per cent. similarly, run 2 is comparable with 
The information-under runsl and 2 represents . run 4, since b0th runs were marie at a conversion 
the data obtained from fluid catalytic cracking of 75 depth of about 68 weight per cent. 
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- TABLE 

12 

Run Numb. 

Charge Stock 

1 2 

3 4 

Reduced ttydrodesulfur- 
ize4 West Texas Cru4e 
(Produce4 over sup- 
porte4 hTickel Tung- 

Reduced ttydrodesulfur- 
ized West Texas Crude 
(over supported hTiO) 

Catalyst_. hTatural, SR Filtrol 
Activity, Kellogg Rating ............................................... 
Carbon :Factor ........ 

state Catalyst) 

Operating Conditions: 
Average Reactor Termperature, °:F. 
Average Reactor Pressure, p.s.i.g_._ 
Ourlet Cycle Off Partial Pressure, p. s. i. a___ 
Space Velocity, wt./hr./wt. (Basis Total :Feed) 
Catalyst to Off Ratio, wt./wt. (Basis Total :Feed) ...................... 
Catalyst to Oil Ratio, wt./wt. (Basis :Fresh :Feed) ...................... 
Recycle, volume percent fresh feed ..................................... 
:Furnace Oil 
tteavy .cle Oil 
Slmry O" 
Dispersion Steam, lb./1000 lb. catalsg 
Strippig Steam, lb./1000 lb. catalt_. 
Strippig Nitrogen as Steam, lb./1000 lb. catalyst ....................... 
Rehydration Steam, lb.]1000 lb. eatalyst ................................ 
Tol;al Reactor Inerts as Steam, weight percent of fresh fecd .............. 
Carbon on Spent Catalyst, percent on catalyst 
Carbon on Regenerated Catalyst, percent on catalyst .................. 
Conversion, volume percent of fresh feed ............................... 
Conversion, weight percent ............... 
Estimated Commercial Opemting Conditions: 
Outlet Cycle Oi1 Partial Pressure, p. s. i. a 
Catalyst to Off Ratio, wt./wt. (Basis Total :Feed) 
Carbon on Spent Catalyst, percent on catalyst._. 
Carbon on Regenerated Catalyst, percent on catalyst .................. 
Carbon Burnoff, lb./hr./1000 bbl. fresh feed/day ......................... 
Carbon Burnoff, lb./hr./1000 bbl. gas oil converted/day ................. 

23.4 23.4 
1.15 1.15 
926 925 
12.8 12.9 
5.2 5.9 
3.3 3.7 
10.4 10.0 
14.4 18.1 
36.6 78.2 
0.0 0.0 
34.1 75. 5 
2.5 2.7 
1.7 1.8 
5.8 6.0 
0.0 0.0 
0.0 0.0 
8.5 II.0 
0. 635 0. 662 
0.173 0.192 
60. 0 69.3 
58.8 67.8 
5.4 6.3 
10.0 10.0 
1.138 1.131 
0. 600 0. 6OO 
982 1,274 
1,636 1,838 

hTatural, SR 

23.6 
I. 12 
925 
13.2 
5.6 
1.7 
9.5 
13.1 
25. 8 
0.0 
33.3 
2.5 
1.9 
6.3 
0.0 
0.0 
8.5 
1.041 
0. 209 
,59.7 
57.8 
5.9 
10.0 
1. 464 
0.600 
1,593 
2, 671 

:Filtrol 
23.6 
1.12 
925 
13.0 
6.5 
1.9 
10.1 
18.6 
78. 4 
0.0 
75. 9 
2.5 
1.8 
6.0 
0.0 
0.0 
11.4 
0.971 
0.196 
71.6 
69. 6 
6.9 
10.0 
1.458 
0.600 
2,111 
2, 949 

Table VII presents yield data from runs 1 
through 4 corrected to estimated commercial op- 

coke laydown is even more striking in these runs 
than in Table IV. 

TABLE VII 

Run Number 

Charge 

Catalyst. 
Yields, volume per cent of fl'esh feed (Corrected to 100% 
Weight Balance): 
Debutanized Motor Gasoline ....................... 

1 2 
Reduced ttydrodesulfur- 
ized West Texas Crude 
over supported NiO 

3 4 

Isopentane 
hT-Pentane 
Pentenes 
Iexanes and Ieavier ........................... 
Butane-Butene. . 
Isobutane .... 
hT-Butane ..................................... - 
Butene 
Propane-Propylene. 
Propane. 
Propylene. 
Furnace Off 
Ieavy Cycle Oil ................................... 
Slurry Oil__ 
Total 
10 RVP Motor Gasoline ............................ 
Excess Butane-Butene ............................. 
Gas (C4 and Lighter), weigh per cent .............. 
Gas (C and Lighter), weight per cent .............. 
Coke (0.9 Carbon, 0.1 Iydrogen), weight per cent.. 
HS, weight per cent ............................... 
Depropauized Gasoline, bbl./1000 bbl. oil converted_ 

hTatural, SR Filtrol 

48.9 
2.7 
0.6 
6.5 
39.1 
11.8 
3.5 
1.1 
7.2 
8.3 
2.6 
5.7 
18.2 
7.5 
5.0 
99. 7 
54.0 
6.7 
16.1 
3.8 
10.7 
0.4 
876 

Reduced ttydrodesulfur- 
ized West Texas Crude 
(Produced over sup- 
ported Nickel-Tung. 
state Catalyst) 

44.1 
2.4 
0.7 
5.8 
35. 2 
9.8 
2.8 
1.0 
6.0 
7.0 
2.2 
4.8 
14.7 
20.2 
5.1 
100.9 
48. 4 
5.6 
13.6 
3.2 
8.3 
0.3 
898 

Natural, SR 

37.5 
3.4 
0.8 
4.1 
29.2 
10.4 
3.7 
1.4 
5.3 
6.9 
2.5 
4.4 
12. 4 
23.0 
4.9 
95.1 
40.5 
7.4 
13.8 
3.3 
13. 3 
0.1 
802 

Filtrol 

42. 6 
3.9 
0.7 
4.8 
33.2 
12. 5 
4.8 
1.4 
6.3 
8.8 
3.2 
5.6 
12.8 
10. 5 
5.1 
92. 3 
45. 8 
9.3 
17.1 
4.1 
17. 5 
0.2 
770 

¥ields corrected to estimated commercial operating conditions. 

erating conditions. It should be noted that run Table VIII combines portions of the data shown 
1 produced substantially more gasoline than run in Tables II and III with data from fluid cracking 
3 and that run 1 produced substantially less runs 1 and 3 of Tables V and VIII. The data Rte- 
coke and gas than run 3. The saine is true of sented, here illustrate the improvement in gaso- 
run 2 as compared with run 4. The difference in î' line yield to be obtained by my process. 
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TABLE VIII 
Dgerenee in yielcls o gasoline ]rom West Texas 
crucle by two schemes o] processinff 

14 

Hydrodesulfurization Run No. A B 

Charge ........................................................... 
Hydrodesulfurization Catalyst ..................................... 

West Tex-as 
Crude 
Supported 
Total Liquid :product, Voinme :Per Cent of West Texas Crude 97. 37 
Gasoline, Volume :Per Cent of Total Liqui4 :Product x ....... _- 35 
Gasoline, Volume :Per Cent of West Texas Crude .............. 34.0 
Fluid Cracking lun l'qo ......................................... 1 
Charge, Volume :per Cent of Total Liquid ttydrodesulfurized 
:Product .........  ........................................... 31.8 
Convdrsion, weight :Per Cent of Fresh Feed ................... 58. 8 
Gasoline (10 IV:P), Volume :Per Cent of Charge ............... I 48. 4 
Gasoline (10 lV:P), Volume :Per Cent of Total Liquid tty¢h'o- I 
desulfurized Product ........................................ [ 15.37 
Gasoline (10 IV:P), Volume :Per Cent of West Texas Crude._. [ 14. 9 
Total Gasoline, Volume Per Cent of West Tex'us Crude ............ [ 4S. 9 
Difference in Gasoline Yield, Volume :Per Cent of West Texas I 
Crude ....................................................... [ 
4-22 
I 

Per Cent @ 392 ° F. by A.STIV]: D-158-41 Distillation. 

West Tex-as 
Crude 
Supported 
Nickel-Ttmg- 
state 
96. 62 
42 
40, 5 
3 
15.9 
57. 8 
40. 5 
6.44 
6.2 
46. 7 

In order to illustrate that the advantages of 
my process are not limited merely fo lïuidized 
crackLug, data obtaLued ïrom the fixed-bed crack- 
LUg of reduced hydrodesulfurized West Texas 
crude are presented in Table IX. The cracking 
stock employed in run 5 was identical with that 
used Lu runs 1 and 2 (Table V). The cracking 
stock of run 6 was identical with that employed 
in runs 3 and 4 (Table V). It will be noted that 
runs 5 and 6 of Table IX vere carried out fo 
approximately identical depths of conversion. 
The coke on catalyst was substantially lower in 
run 5 than in run 6, again despite the tact that 
carbon residue for the crackLug charge of run 5 
was higher than that for run 6. 

TABLE IX 

leclucecI hycIrocIesul]urizecl West Texas crucIe 

lun Number ................................. 

Catalyst ...................................... 

Operating Conditions: 
 Catalyst Temoeratures, °F.: 
Average Cracldng ..................... 
Average Maximum l%generation ..... 
Charge :Period. minutes ................... 
ace Velocity, wt./r./wt ................ 
talyst-to-0il l%tio, wt./wt .............. 
Dispersion Steam, 1b./1000 lb. catalyst ..... 
Rehydration Steam, lb./1000 lb. cata]yst__. 
Carbon Burnoff, weight per cent on 
catalvst/cycle ........................... 
Carbon Bmoff, lb./hr./] 000 bbl. oil/day__ 
Conversion, volume per cent on charge .... 
Conversion weight per cent on charge ..... 
Yie14s, volume per cent on charge (Corrected 
to 100% Weight Balance): 
 Debutanized iVfotor Gasoline .............. 
]soDentane ............................ 
N-Pentane ............................ 
Pentenes ............................. : 
]exanes and ]eavier ................. 
Butane-Butene ........................... 
Isobutane ............................. 
N-Butane ............................. 
Isobutene ............................. 
N-Butenes ............................ 
:Propane-:Propylene ....................... 
:Propane .............................. 
:Propy]ene .............................. 
Catalytio Gas 0] ......................... 
Total ..................................... 
Gas (C and Lighter), weight ]per cent on 
charge .................................. 
Gas (C and Lighter), walght per cent on 
charge .................................. 
Coke (0.9 Carbon, o.1 Hdrogen), weight 
per cent on charge ...................... 
tinS, weight per cent on charge ............ 

5 6 
29 Activity Steam- 
Aged Granular Sl 

Filtrol 

924 ] 925 
99 1,060 
7.2 12.00 
0.8 0.50 
10.£ 10.0 
10.1 9. 7 
12. ç 12.9 
0.71 [ 1.04 
1,0@ 1,394 
52. ç 53.7 
51.7 51.8 

33.6 
2. 
0.7 
4. fi 
25. fi 
12.5 
4.2 
1.6 
2.8 
3.9 
8.8 
2.6 
6.2 
47.1 
102.0 
17.8 
2.7 
7.9 
<0.1 

28. 3 
3.4 
0.9 
3.8 
20.2 
12. 6 
5.1 
1.5 
2.2 
3.8 
9.5 
3.4 
6.1 
46.3 
96.7 
16.5 
3.1 
11.6 
<o. 

The data set forth in Tables I-IX clearly illus- 
25 trate the unique benefits of absorption hydrode- 
sulfurization in the two-stage process. Coke lay- 
down on the cracking catalyst is reduced sub- 
stantially. Furthermore, a greater yield of gaso- 
line is realized. These advantages are accom- 
30 plished with the concurrent reduction in sulfur 
contained in the virgLu charge. 
SLUce the first stage of my process (absorption 
hydrodesulfurizaton) is concerned with treat- 
ment of charge stocks containing residual con- 
5 stituents which require extensive conversion, I 
prefer to employ rather high temperatures desir- 
ably between about 750 ° and 950 ° F., and par- 
ticularly in the range of about 800°-870 ° F., al- 
though lower or higher temperatures may be 
40 employed. Pressures in the hydrodesulfurization 
stage may vary between about 100 and 1500 p. s. 
i.g. Piessures of about 500 fo 1000 p. s. i. g. are 
preferred. Cost of equipment is kept low, and 
hydrogen consumption is quite low af these rela- 
45 tively low pressures. The hydrogen:oil ratio dur- 
ing the hydrodestùfurization reaction may vary 
quite widely between about 1000 and about 20,000 
cubic feet of hydrogen per barrel of cil and pref- 
erably between about 5000 and 12,000 ft.3 H2/bbl. 
50 cil. Space velocities may vary between about 0.2 
and about 6 and preferably between about 0.5 and 
2.0 liquid volumes of cil per volume of catalyst 
per bout. Throughput advantageously varies be- 
tween about 1 and about 10, with a throughput 
55 of about 2-8 being very satisfactory in most cases. 
The space velocity and throughput vary accord- 
LUg to the type of charge stock, i. e., its content 
of heavy constituents, and the degree of desul- 
furization and conversion desired. I bave round 
60 that any hydrogen purity above about 50 per 
cent is satisfactory. 
The hydrodesulfurization catalyst employed in 
my process may be any iron group metal (iron, 
cobalt and nickel), iron group metal oxides, or 
65 combLuations of che or more of these metals and/ 
or their oxides, desirably deposited on a porous 
support or carrier. Nickeliferous catalysçs are 
preferred. 
When employed in conjunction with a carrier 
70 the contact agents may be made by impregnation 
of the porous support or carrier with a solution 
of a soluble salt, such as a nitrate, followed by 
calcining fo form the oxide, and followed by re- 
duction if a metal or a mixture of metal oxides 
5 is fo be used. Relatively large amounts of metal 
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or metal oxides should be deposited on the carrier 
and preferably from about 2 fo about 30 per cent. 
Examples of suitable porous carriers are activated 
alumina, silica-alumina cracking catalysts of con- 
ventional type prepared synthetically or by acid 
treatment of clays, silica gel, Magnesol, Porocel, 
Alfrax, kieselguhr and others. 
My invention is applicable fo hydrocarbon off 
clïarge stocks containing residUal Constituents. 
By residual constituents I mean difliculty vapor- 
izable hydrocarbons or hydrocarbons which can- 
hot be vaporized in conventional commercial 
heaters without substantial decomposition. These 
heavy constituents ïorm part of the residuum 
ïrom ordinary distillations, hence the naine 
"residual." Thus the clïarge stock to the initial 
or absorption hydrodesulfurization stage may be, 
for example, crude off or topped or reduced crude. 
The hydrosulfurized product from the first 
stage is topped fo remove ai least gasoline and 
lighter constituents and either the entire re- 
mainder, including the hydrodesulfurized residual 
constituents or a suitable eut therefrom, such as 
gas off, may be charged fo the second or catalytic 
cracking stage. 
The conditionS, and catalysts emptoyed in the 
cracking stage f0rm no part of rny invention. 
Consequently, itis considered unnecessary to list 
these in detail, particularly since these catalyst 
and conditions are well knovfl fo the art. 
One principal advantage of my invention is in 
the reduced coke laydown on tlïe cracking Cata- 
lyst. This is accomplished wlïile at the same tirne 
increasing the yield of cracked gas01ine. The 
reduction of coke laydown is advantàgeous in view 
of the decreased regeneration requirements. 
Other advantages incltlde production of the fot- 
lowing: low sulfur crackél and straight run gaso- 
line products withJUt laeed of acid ti'Cting; lïigl] 
ASTM octane numbers, cléar hfid leaded for 
straight run gasoline; reduCl cOrrosion and 
maintenanc cost on eqUipment; i'ediicéd sulfar 
content of craked fuel gas hnd fuel oil 1OW vis- 
cosity and low yiëld Of ta; 10w sulfur content Of 
the C« fraction, nd reduced regenération require- 
ments for both the cracking and hdrogenating 
catalysts. 
What I claire is: 
1. A proces for treating. t sulfur-containiflg 
hydrocarbon off selected from the group Onsist- 
ing of crude off, topped cude, and duCed Crudë, 
comprising contacting the off witlï a materiai 
!ected from the group consisting Of fl'on nickel, 
cobalt, their oxides and combinations there0f, in 
a first zone at elevatod temperatUre and pressùre 
and in the presence of added hych.ogen, Clïernicál- 
ly absorbing sulftu- in the off on said material, 
terminating the contacting beforé Substántial 
arnom]ts of hydrogen sulfide oCcUr in tlïe prod- 
uct, topping the desulfurized produit to remove at 
least gasoline and lighter C0fistituents, cata- 
]ytically cracking the remaindr iii a ecnd zone 
isolated from the first zone, said scond zone being 
maintained at cracking tempraturé and con- 
taining a crackin, catalyst incapable of chem- 
ically absorbing substantiel ärnounts of sulfu2, 

said cata-lytic cracking being carried out fo a 
depth of conversiori Of a least abou 30 per cent. 
2. A process for tretiig a sulfur-containing 
hydrocarbon off selected from the group consist- 
5 ing of crude off, topped crude and reduced crude, 
comprising contacting the oil. with a material 
lected from the group consist!ng of iron, niqkel 
cobalt, their oxides and combinations thereof,, at 
a temperature between about 750 ° áhd about 50  
10 F. at a pressure between about 100 and about 
1500 p. s. i. g. in the presencë éf aded hydiëgen, 
said contacting being carried ut af a sPac Ve- 
locity betwèeii bëfit 0.2 aiid a]5otit 6 lifiid 
urnes of off per volume of- catalyst per IJt and 
15 at a hydrogen : 0il ratio of beweén abou i000 
and about 20,000 cubic feet of lyiègil 
rel of oil, Chemically absoibifig ulfiiJ |iï thë off 
on said matei'ial termiràtifl lïë 0ntàë,ii 
fore substantial alhounts oî lydC¤n ullïdë 
20 cur in the product toppin the du]ftiried 
uct te remeve at least gaseline and lighter cen- 
stituents; catalytically cracking tlïe rmalïïdé 
a second zone isolated from the first zone, said 
second zone being maintined ai Ccin 
25 perature and containin a craCking catlyst il» 
capäble of chemicaHy ábsoiBing substanGal 
amounts er sulfur, said catalytic cackig 
carried out to a depth of conversion Of 
about 30 per cent. 
30 3. A process for treating  stilfur-containing 
hydrocarbon off selectëd frorn he grou5 Cònsi- 
ing of crude off, t0ppe d crdde and rêduced ciide 
cornprising contaeting the ii witlï a matrial e 
lectéd fïom tlïe grup consistlng of iron; nickel 
35 cobált, their oxldes and coinSiriati0ns hëëJf, ii 
a first zone ai a teïnperature beween Out 800  
and about 870 ° F. and a  Pessré ett¢een aJbU 
500 and about 1000 p. s. i. g. ii tie Pe$ëfiee Of 
added hydrogen, said contacting being carried 
40 out at a space velocity between about 0.5 and 
about 2.0 liquid volirnes of off per volume of 
catalyst per hour and ata hydrogen :- off ratio of 
between about 5000 and about 12,000 cubic feet 
of hydrogen per barrel of off, chemically absorb- 
45 !ng sulfur in the oil on Said ïnaterial, termnat- 
mg the contacting beïore subsantiai amounts o 
hydrogen sulfide occur in the product, topping 
the desulfurized product fo remove af least gaso- 
line and lighter constitUents, cataltiall racI- 
50 ing the remainder in a second zoné isolatél ffom 
the first zone, said second zone.being maintained 
at cracking temperature and co/itainifig a erack- 
ing catalyt incapable of chemicaliy bserbing 
substantial amounts of Siflfu ail Cta]ytic 
55 cracking being carried out te a depthof ConVer- 
sion of at least about 30 per cent. 
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